Till the end of the 19-th century the preparative me thod was the main one for studying chemical systems. Its essence consists in extracting of the given substance from the system by means of crystallization, distillation, etc., followed by the study of its composition and properties. This method is used extensively up to now, especially in organic chemistry. However, to study solutions, melts and other complicated systems by the preparative method appeared to be insufficient. A novel method for studying multi-component systems was developed on the basis of the theory of the chemical equilibrium and was named "physicochemical analysis". The aim of the present article is to give a brief review of the fundamentals of the method of physicochemical analysis and its significance for pharmacy [2, 5, 7, 8].
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The founder of physicochemical analysis as an independent scientific discipline is considered to be N.S.Kurnakov [6] . He carried out theoretical and experimental studies in this field and proposed the term "physicochemical analysis" (1913) . Its essence consists in consideration of the dependence of the physical properties of the system in equilibrium on the factors that determine it. A significant contribution to development of this field Two basic principles formulated by N.S.Kurnakov are the basis for physicochemical analysis:
1. The essence of the correspondence principle consists in attributing a certain geometric image on the phase diagram to each set of phases existing in equilibrium in the given system according to the Gibbs phase rule. It is this principle that allowed N.S.Kurnakov to define physicochemical analysis as a geometric method of studying chemical transformations.
2. The continuity principle asserts that if the parameters determining the state of the system vary continuously, the properties of its phases also vary continuously. If the number of phases changes, the properties of the system also change; as a rule, they change abruptly.
Depending on the nature of the system under consideration its heat, as well as electric, optical, mechanical and other characteristics are experimentally determined. Based on the experimental data the phase diagrams in the "physical characteristics -equilibrium factor" (e.g., pressure, temperature, composition) coordinates are plotted. All chemical processes that occur when any equilibrium factors change, such as formation and/or disintegration of chemical compounds, formation and disappearance of solid and/or liquid solutions, etc., are expressed as geometric changes of surfaces, lines and points constituting a diagram.
Geometrical analysis of such diagrams allows to judge on the character of the interaction between the components of the system, the possibility of forming chemical compounds, their number and composition, to determine the existence domains and compositions of equilibrium phases without actual separation of the components of the system. Therefore, this method can be applied to the objects that cannot be studied by classical preparative methods. Limitations of physicochemical analysis lie in that its application allows to find whether chemical transformations occur in the system, but cannot determine their causes and mechanisms.
Initially physicochemical analysis was used to the systems in equilibrium. Practical application of this method to the synthesis of novel compounds using irreversible reactions in non-equilibrium systems led also to consideration of "characteristics -composition" diagrams for such systems.
Application of modern numerical methods gives the possibility to obtain the analytical expression for the function that describes the dependence of a physical property on the system composition without the experiment and to plot the phase diagram or its parts. By using such a diagram it is also possible to obtain additional data, for instance to calculate the degree of dissociation of a chemical compound from the curvature of the liquidus line. The phase diagrams plotted in the "physical characteristics -the system composition" coordinates are of the most interest. Thus, for plotting phase diagrams it is helpful to choose such physical characteristics that are sensible to the change of the system composition, for instance melting temperature, heat capacity, electric conductivity, index of refraction, density, viscosity, surface tension and others. In modern physicochemical analysis the number of properties used makes up to several dozens.
Plotting and analysis of the phase diagrams underlie many technological processes, in particular crystallization, rectification, extraction, etc., i.e. those in which phases are separated.
For pharmaceutical science and technology the phase diagrams for binary systems are of the most importance. To plot them as the physical property it is customary to choose the melting temperature (crystallization), boiling (condensation), clearing (turbidity). Analysis of the phase diagrams describing the processes of melting (crystallization), boiling (condensation) and the mutual solubility of two liquids promotes the optimization of technological operations of chemical and pharmaceutical, perfume and cosmetic industry, and biotechnological production. Application of the method of physicochemical analysis allows to increasing the product yield and reducing the energy consumption. For analytical purposes, it is preferable to choose such a property that additively depends on the composition of the system. Therefore, the important preliminary stage of the study is in the appropriate choice of the physical property and ways of expressing concentrations of the system components. In some cases in order to increase reliability of the results it is necessary to consider and compare measurements of several properties. Phase diagrams are also used in pharmaceutical analysis for identification and determination of the purity degree of medicinal substances and excipients.
Plotting and analysis of fusion diagrams of binary systems of medicinal substances allows to reveal their physical and chemical incompatibility, and it is important when developing technologies for manufacturing novel dosage forms and medicines.
It is known that physical incompatibility is related to formation of the eutectics. For instance, anesthesin and resorcine, antipyrine, and phenacetin form eutectic mixtures. Dampening can be already observed in the process of preparation of a dosage form. This is explained by the fact that the melting temperature of the eutectic mixture is much lower than the melting temperatures of pure components. At the same time, formation of eutectic mixtures can result in improvement of the drug quality.
The eutectic mixture consists of finer particles than the mixture of the same substances, but of the composition differing from the eutectic one. It leads to the uniform distribution of components in a dosage form. Besides, bioavailability of poorly soluble medicinal substances increases in eutectic mixtures with decrease of the particle size. Liquid dosage forms composed of eutectic mixtures of medicinal substances are also applied in dentistry.
Chemical incompatibility of medicinal substances related to the interaction of components resulting in the synthesis of novel compounds can be studied using fusion diagrams.
In pharmaceutical technology the plotting and analysis of fusion diagrams of model binary systems are also used:
• for determining the composition of mixtures (thermal analysis); • in choosing the best method of extraction from mixtures and purification of medicinal substances; • when studying the existence of several polymorphous modifications of medicinal substances for further study and comparison of their therapeutic action; • when determining the aggregate state of the mixtures of components with a definite composition at the temperature that is of practical interest; • when studying the mutual solubility of solid-and liquid-state components; • in choosing the optimal dispersity of components.
Boiling diagrams of the binary liquid mixtures with unbounded mixing constitute the theoretical basis of the fractional distillation used both in pharmaceutical analysis and technologies of the production and purification of pharmaceutical substances, and in the design of novel dosage forms and medicines. Boiling diagrams are also used for selection of the optimal conditions of regeneration of certain components of liquid mixtures that are wastes of the manufacturing processes of medicinal substances.
Phase diagrams of the binary liquid systems with restricted solubility plotted in the "clearing (turbidity) temperature -composition" coordinates at p = const find an application in pharmaceutical practice for determination of the composition of dosage forms that should not laminate during the storage. CONCLUSIONS Taking into account the importance of physicochemical analysis for pharmaceutical science and technology the topic under consideration in the course of physical and colloid chemistry deserves the appropriate attention. When teaching this topic to students of all pharmaceutical specialties one of the primary goals is to form their practical skills in plotting and analyzing phase diagrams.
